A number of variables affecting the quality of foetal mouse preparations stained with alizarin red S have been investigated.
The thalidomide tragedy focussed attention upon the potential teratogenic activity of drugs and this has led not only to a widespread interest in the techniques available but also to a progressive increase in the number of foetuses examined.
A major part of such work involves investigation of the effects of drugs on osteogenesis, for which some modification of Dawson's technique (Dawson, 1926) is commonly used. Essentially the method depends upon maceration of the foetus with alkali, followed by staining with the anthraquinone dye alizarin red S, which has a strong affinity for calcium salts. It is capable of producing specimens in which the vividly stained red bone is easily studied through the transparent colourless integument. Experience, however, is necessary to determine the optimal duration of each stage, particularly that of maceration.
Inadequate alkali treatment results in a poorly differentiated semi-opaque specimen, whereas excessive exposure may lead to a well-stained foetus that disintegrates on examination.
The regular appraisal and repeated handling of each foetus during processing makes the routine use of the method both tedious and time-consuming.
In view of this, the possibility of automating the procedure was considered. Such a process which requires a sequence of steps of fixed duration must also provide a satisfactory specimen from both immature and mature foetuses, since both occur in teratological experiments.
The investigations reported here were designed to establish the effects of variations in processing technique and in foetal maturity on the quality of the stained specimens.
MATERIALS AND METHODS

Variation in processing technique: experiments I-IV
Non-inbred conventional albino mice derived from normal delivery and less than 24 h old were used. To minimise effects of between-foetus variation, litter-mates were allocated at random to each of the groups within an experiment.
Replicate experiments were set up to give an indication of betweenlitter variation.
The mice were killed by immersion in industrial methylated spirit (lMS), and eviscerated.
Carcases were then stored in IMS before processing and examination (Table 1) . 
I. Influence of time of fixation in IMS on time required for maceration
Foetuses from 3 litters were processed by the standard manual technique, the duration of fixation being varied between 3 and 56 days to ascertain the effect on the time required for maceration.
Clear visualization of the first rib was selected as an end-point.
II. Effect of temperature and duration of acetone treatment on time required for maceration, and on appearance of specimen
The effect of defatting for 0, 4, 16 and 8+ 16 h (2 baths of acetone), both at 37°C and at room temperature (15-28°C), was compared with the standard manual technique. Foetuses from 3 litters, fixed in IMS for 3 days, were used in the study. The time required for maceration was recorded, and the effectiveness of the defatting procedure noted.
III. Influence of omission of stage 5 (IMS extraction) on time required for maceration
Foetuses from 3 litters, fixed in IMS for 3 days, were processed by the standard manual technique but omitting stage 5, the IMS extraction that follows defatting. Control litter-mates were processed by the full technique.
IV. Influence of strength of macerating agent on time required for maceration
This study was performed concurrently with Experiment I, the strength of the macerating agent being increased from 1 to 2 per cent.
Variation in foetal age
V. Influence of foetal age on time required for maceration
The experiment was designed so that mice of various skeletal ages could be processed simultaneously. Untreated primiparous mice were mated on alternate days so that litters varied in age from 5 days pre-natal to 3 days postnatal, the immature litters being derived by caesarian section. Each experimental group comprised 2 foetuses or pups from each of 3 litters.
The mice were killed by immersion in IMS, eviscerated, and placed in fixative. After 3 days fixation, all the mice were processed simultaneously in a 'Histokinette' (Hendrey Relays and Electrical Equipment Ltd, Bath Road, Slough, Buckinghamshire), the wax bath of which was modified to operate at 37 ±3°C by substituting a sealed glass thermostat (Type 2C -LV, Associated Electrical Industries Ltd, 33 Grosvenor Place, London, S.W.l) for the type normally fitted. The mice were processed in I-litre volumes of reagents as follows:
1. acetone at 37°C for 14 h; 2. IMS at room temperature (15-28°C) for 14 h; 3. fresh 1 per cent aqueous potassium hydroxide at room temperature every 14 h.
Specimens were examined after 12 h maceration, and thereafter every 24 h. The minimum times required to provide an adequate degree of clearing, and to produce skeletal disintegration on rough handling, were recorded for each litter.
RESULTS
Experiment I. The time required for maceration increased with the duration of fixation (Table 2) . Table 3 , defatting was more rapid at 37°C than at room temperature: satisfactory defatting was achieved by 16 h extraction at 37°C, whereas at room temperature 24 h was inadequate.
The time required for maceration was unaffected by the defatting treatments. Experiment III. The omission of an IMS extraction bath following defatting resulted in foetuses less transparent than those processed by the full manual technique.
Experiment IV. 2 per cent potassium hydroxide macerated more rapidly than 1 per cent (Table 4 ). Experiment V. The time required for maceration increased with increasing specimen age (Fig. 1) . Fig. 1 . Influence of foetal age on maceration time.
DISCUSSION
The results obtained provide the basis for an automatic processing technique.
Fixation. A considerable diversity of opinion exists among earlier authors as to what constitutes a reasonable period of fixation in the Dawson technique. Noback & Noback (1944) require material to be fixed for 60 days, whereas Green (1952) and Crary (1962) dispense with fixation entirely. It matters little, for each method is capable of producing excellent stained specimens, providing it is controlled by frequent inspection. Nevertheless, the time required for maceration is directly related to the duration of fixation; clearly, a reasonably constant fixation time, however arbitrary, is an important prerequisite for automation. It is concluded that outside limits of 3 and 7 days should be set for the period of fixation; 3 days to permit weekend fixation, and 7 days to allow for unavoidable delays.
Defatting. Although omitted by many workers, this stage is essential for satisfactory results. Any fat present in the specimen is partially saponified by treatment with potassium hydroxide, and appears in the cleared material as opaque white masses. For this reason it is common practice to defat in acetone. Experiment II shows that while 24 h at room temperature results in a less than perfect specimen, 16 h at 3rC is completely satisfactory. Experiment V indicates that 14 h at 37°C is sufficient.
IMS rinse.
A 14 h rinse in IMS is included, as it confers a marginal increase in specimen clarity.
Maceration. Choice of macerating agents has varied widely. Schultze (1897) , probably the first to prepare transparent specimens, used potassium hydroxide, Spalteholz (1911) used none, whereas St Amand & St Amand (1950) used boiling water. Potassium hydroxide has been used in strengths from 1 per cent (Dawson, 1926) to 10 per cent (Jensh & Brent, 1966) . It was considered that a more powerful macerating agent might accelerate processing, and the experimental work has confirmed this. However, it was felt that the advantage of a saving in time would not be justified if the control of maceration was less assured, and the safety margin between optimal maceration and foetal disintegration materially diminished. Accordingly, the macerating agent of choice remains 1 per cent aqueous potassium hydroxide (used at 15-28°C). Time of maceration (Tables 2, 3 and 4) refers to time elapsed between start of maceration and appearance of first rib, and is less than the time required routinely for adequate (optimal) maceration.
Staining.
Alizarin red S (sodium alizarin sulphonate) has the property of readily forming coloured salts with calcium cations at high pH values. A typical staining solution contains 1 mg of stain in 100 ml of 1 per cent aqueous potassium hydroxide (Table 1 ). The precise concentration of dye is not critical; if the dye becomes exhausted, leaving a near-colourless solution, some understaining may result. However, the fact that the dye is dissolved in 1 per cent potassium hydroxide is important since it means that maceration continues during staining, which must therefore be complete before the total time of exposure to alkali reaches 84 h (Fig. 1) if foetal damage is to be avoided. On the other hand, staining should not start until 36 h maceration has been completed, since inadequate maceration impairs the selectivity of the stain. In practice, 42 h maceration followed by 28 h staining provides not only wellstained specimens requiring no differentiation, but also a safety factor between staining and disarticulation.
Maturity
The mice processed in experimental teratology vary widely in size. Even if all the animals are of equal age, treatment may result in some being effectively less mature than others. Since maturity affects the time required for maceration, it is necessary that an automated method should be capable of accommodating a range of maturity, so that the less mature are not quietly disintegrating while the mature are still clearing.
It is usual to use foetuses obtained by caesarian section on the day previous to that of expected natural delivery, to avoid cannibalism of abnormal pups. If the 20th day of pregnancy is regarded as being the expected day of delivery, it follows that the most mature foetuses normally processed will be those derived from untreated does on day 19. The least mature, although also derived on day 19, approximate in size and skeletal development to untreated foetuses derived on day 17. The examination of foetuses less mature than this tends to be unrewarding.
From Fig. 1 it is evident that the minimum time required for adequate maceration by continuous agitation in 1 per cent potassium hydroxide of a normal mature day-19 foetus is 36 h. Similarly, the maximum time allowable for a normal day-17 foetus is 84 h. Application A standard bench 'Histokinette' has been adapted for the automated technique. As previously stated, a single wax bath operating at 37°C replaces the 2 normally fitted. The 24 h clock has been replaced by a 7-day clock, and the timing disc notched to transfer every 14 h. 4 basket rotors are employed, each fitted with a carrier modified to accept 6 6-division Elliott stain-less-steel tissue baskets.
The machine is thus capable of processing 144 foetuses, in different stages, at a time. Since the machine has 12 stations, each representing a 14 h stage of processing, and is set to run continuously, foetuses may be added in batches of up to 36 at any time during the working week, and removed 1 week later.
By the use of 14 h stages, some 2800 foetal mice have been processed according to the schedule given in Table 5 , with material saving of labour; no instance either of damage or of failure to clear and stain satisfactorily has occurred. Table 5 . Schedule for automated processing.
Stage
Time
